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ABSTRACT 

The complete and rigorous update procedures applied to the 1950.0 

epoch SAO Catalog are described.  The corrections included are the terms 

of elliptic aberration, precession, proper motion, and foreshortening 

(e.g., parallax and radial velocity terms).  The uses of the updated catalog 

are schematically described for the local reduction of artificial satellite 

positions.  Finally, an annotated FORTRAN program is included. 

iii 



I.   INTRODUCTION 

This report describes the sequence of computations performed to update 

3 
the Smithsonian Astrophysical Observatory Catalog (SAO ; hereinafter the 

SAOC) from epoch 1950.0 to the present. We also schematically describe the 

use of a current version of the SAOC in reducing artificial satellite 

4 
positions and photometry.  The reader should be familiar with Taff .  Also, 

Taff (In press") discusses photometric reductions.  Finally, the reader should 

4 
be aware that the errors discussed in § VIII of Taff are reduced by a factor 

of two when proper treatment of the e-terms is included. 

Sections III and IV detail the update calculations performed on the 

SAOC and Section V describes the astrometric information contained in the 

1975.0 master and subsequent yearly tapes. 



II.  DESCRIPTION OF THE SAOC 

The SAO, in response to the needs of the space age, constructed a non- 

fundamental, astrometric, compilation catalog with the following goals: 

(1) the star density would be at least four stars per square degree, (2) the 

1970.0 positions would have a root mean square error of £ 1", and (3) the 

catalog would be on the FK4 system. The physical existence of the SAOC and 

1 2 
reference to Haramundanis and Scott and Smith indicate that these 

goals have been met. 

The catalog contains entries for 258,997 stars. For astrometric purposes 

the most important aspects of the SAOC are its success in meeting the above 

goals and its availability in machine readable form.  For our purposes the most 

important datum for each star consists of position (ot ■ right ascension, 

6 = declination) and proper motions (y ■ proper motion in right ascension, 

y' = proper motion in declination).  This information is in a barycentric 

solar system coordinate system for the equator and equinox of 1950.0. The 

reader is referred to the Introduction of the SAOC.  However, he should be 

aware that the CT-.-^ column is totally incorrect and although the wrong equations 

appear on p. xiii for a and 0   ,, the correct formulas were used in their 

computation. 



III. ELLIPTIC ABERRATION 

The position (e.g., a, 6) of a star, referred to a mean equator and 

equinox of date, is referred to as a mean position.  It differs from the 

true position (at that time in that coordinate system) by the effects of 

nutation.  However, because the eccentricity of the earth's orbit is small 

and hand computation laborious, it has been traditional to leave in those 

observational effects due solely to the ellipticity of the earth's orbit in 

the just defined mean place. Catalogs contain mean places of stars.  Let 

[a (t'), 6 (t')] be the just defined mean place at epoch t' as found in a o      o 

catalog. Then the real (i.e., intrinsic) position [a(t'), 6(t')] is obtained 

by setting 

ot(t') = a (t') - Aa(t'), (la) o 

6(t') = 6 (t') - A6(t'). (lb) o 

The e-term corrections are given by 

Act(t') = cAC + dAD, (2a) 

A6(t') = c'AC + d'AD, (2b) 

where the Besselian star constants c, d, c', d' are given by 

c = cosa (t')sec6 (t'), d - sina (t')sec6 (t'),       (3a) 
o      o o      o 

c' = tane(t')cos6 (t') - sina (t')sinfi (t'), 
o o       o 

d' = cosa (t')sin6 (t'), (3b) 
o      o 



where e is the true obliquity of the ecliptic at t = t'.  The quantities 

AC and AD are computed from e, the constant of aberation K(= 2074958), the 

eccentricity of the earth's orbit e, and the longitude of the earth's 

perihelion OJ.  Thus, 

AC = e(t')Kcosco(t')cose(t') (4a) 

AD - e(t')<sincü(t'), (4b) 

where 

e = 0.01675104 - 4.18 x 10*5T - 1.26 x 10_7T2, (5a) 

e = 23°27'8726 - 46V845T - 0V0059T2 + 0700181T3, (5b) 

u - 101°13'15V0 + 6189V03T + 1763T2 + 07012T3,        (5c) 

and T is the number of tropical centuries elapsed since 1900.0. 

From Eqs. (5) it is clear that e, e, and U) vary very slowly and that 

e< is a small number. Hence, these corrections are generally minute. In 

fact, it can be shown that if t' = 1950.0, t" = 1975.0 then the absolute 

value of the maximum errors in ot(t") and 6(t") due to neglect of the e-terms 

-3  2 -3 
are 2711 x 10 sec 6(t') and 0797 x 10 sec6(t').  The errors are linear in 

t" - t'. 

However, as is the case with most approximations used in spherical astronomy, 

the neglect of the e-terms produces an effect in right ascension that systematically 

increases with declination.  Therefore, since these right ascensions are 

necessarily of poorer accuracy than those at lower declinations, the first 



step in updating the SAOC is to apply Eqs. (1).  The second step is discussed 

below (§ IV).  The third step is to add back in Aa(t"), A6(t"). 



IV.  PRECESSION AND PROPER MOTION 

Using a(t') and 6(t') [along with y(t') and u'(t')] as input, the power 

series method of Taff was then applied from t' = 1950.0 to t" = 1975.0. 

The complete details are in § III of that report.  The Appendix contains an 

annotated listing of a thoroughly tested FORTRAN program to perform all of 

the computations discussed herein. 

4 
While only minor typographical errors have been discovered in Taff , the 

algebraic reduction which yielded Eqs. (14a, b) is sufficiently complicated 

that the unsimplified versions are used in the program. 



V.   THE LINCOLN 1975.0 YEARLY VERSIONS OF THE SAOC 

After a complete reduction had been performed to 1975.0 a new SAOC 

tape was constructed at Lincoln.  It contains for epoch 1975, a, 6, y, y', 

da/dt, 0.5d2a/dt2, dö/dt, 0.5d26/dt2, dy/dt, and dy'/dt.  In addition, 

depending on 6(t') (relative to ± 80°), either 1950.0 0.5d2a/dt2, 0.5d26/dt2, 

dy/dt, and dy'/dt or the same quantities at 1970.0. The tape has been resorted 

into 10 wide declination bands with right ascension increasing in each band. 

For each year the 1975.0 tape is updated (on or about 1 July) to provide 

positions and proper motions whose epoch is that of nearest Besselian solar 

year.  This update is performed using Eqs. (18, 19) or (20, 21) of Taff\ 



VI.  USES OF THE SAOC 

The primary use of the SAOC is in the precise reduction of artificial 

satellite positions and photometry.  For this purpose an interactive graphics 

display program exists.  The operator (or computer) enters the right ascension 

and declination of interest, the size of the surrounding area to be displayed 

(up to 5 ), and either the star density per square degree (with the brightest 

stars used first) or a magnitude limit.  The program then generates a display 

of the appropriate star field including differing intensities for the stars. 

The position of the telescope and the satellite in question are also indicated. 

As the real time pointing system provides information on telescope motion, 

it is a simple task to continually update the display, look backward in time, 

or look forward in time.  A local calibration procedure will be used to 

simultaneously reduce the position and photometry of the satellite. 



APPENDIX:  LISTING OF FORTRAN PROGRAM 

Following this text is a complete listing of the two subroutines used to 

update the SAOC.  In particular the epochs 1950.0, 1975.0, and 1977.0 appear 

explicitly in the program (e.g., within DO loops #1, #2; above statement 

#4; the IF statement below statement //5; at statement #6; at statement #14; and 

below statement #15).  Quantities such as R(I), RA, ALP refer to right ascension; 

D(I), DEC, DEL refer to declination; MU, MUA refer to proper motion in right 

ascension; MUP, MUD refer to proper motion in declination; DA, EA to dot/dt, etc. 

Trigonometric functions of an angle are usually prefixed, thus CO is the cosine 

of omega, TD the target of declination, etc. With close reference to Eqs. (7-21) 

4 
of Taff the reader should have no difficulty following the program. 



SudH OUT 11 JE ()PU A T L (Ml)tOU)iflu(l). HUP 111 tRlbliDUl ,HUIbl • HUP ( 6 ) ) 
C    H1GOHOUS PRECESSION t   PROPER MOTION UPDATE/POWER SLKILS MtTHOD 
C irPiM ARE VA^lAHLtt> AT INÜEX 1« OUTPUT ARL VARIABLES AT INDEX 6 
C PRLC1SION f.EEUED IS 10.*»(-9> FOR ALL OPERATIONS 

IMPLICIT OOubLL PRECISION CA-H.M-Z) 
UOUbLL PHLCISION RAP 
INUbEN HR.UEbihlNTiMlNA 
UlMtNSION KlfcliUKIbl«U2A(b> tU(6)i00(6)«020(b).MU(b)lOMU(b),MUP(b)• 

»UriUP(b).rt(b).PIP (6)«N(b>iNP(6»,TE(2).DELCI2).UELUI2).PhOTlll> 
COMMON /LJERlV/UA7bt02A50.D2A/5,DÜ75,D20SOt02075.0HU50»OhU75i 

* UMOPb0tUiiUP7S 
tUMr>0N/UAT/P12.PI.TPIiT.FT.TwT 

C bk-T UP LONSTAMS / 
UATA KAp.CUiJilP.IM/2.0H9SÖUlil.022b90-H,»'f   »,•-   •/ 
PI = J.l<4l3^2fet)ibU0 
PI2 = b.1>-1»PI 
1PI=P1*P1 
LRA=P1/H.32I)<* 
LULL=PI/6.<*PüS> 
ell2 = PI/1.2lil 
PI1Ö0=P1/1.6D2 
US = l.l>U/b.Ul 
lb.T = 2.Cl/3.U0 
H=«*.U0/4.U0 
0hAX=«/IUl»PllttU 

C II- PARALLAX ANU hAUIAL VELOCITY UNKNOWN SET THEM EOUAL TO ZERO 
PAK=U.DO 
VK=O.UO 

C SET UP PKtCESSIUN CUNSTANTS 
UÜ 1 l = l«b 
T = b.U-I*b.Li-2*( l-l) 
Ml I )=CKA*(i.U^i4^U2-»-T*(l.ÖbAUt)-l*T*6.ü-b) ) 
rtP( I )=CRA»(1 . bb5UU-l + T*l.bU-t>) 
NU>=CutC*<2.UO<*b85U3-T*<8.5330-l*T*3.70-<n ) 

1 NP< I )=-CUEC*(ö.b3äü-I*T*/.tO-H) 
rtPP=CRA»l.bü-t> 
NPP=-CUEC*7.<tU-4 

L SLT UP tLLIPTIC AbLHRATlÜN CONSTANTS 
Ü0 2 1=1.2 
r=5.U-I*2.bü-l*(l-l) 
Urtt=Pi18U*<l.UlU2*OS*<l.iUl*US*<1.501+T*(b.1890303*T*(l.b3D0+T»l.2 
»U-^l)))I 
L0 = L>CUSU)ME) 
s>o=i'Sir,. (out) 
EPS=Pll8U«(2..Jul*OS»<2.7Ul*OS>»<8.2buO-T*(M.b8«»5Ul*T»(5.9U-3-T*l.bl 

*d-i>> ) ) I 
Lt = l>C0S(EPS) 
ltd (=l)TAN(tPS) 
t.CC = l.b7t>lUi*u-2-T«<t.l8u-:>*T*1.2bD-7) 
ULLCI I)=CUtC»KAP»tCC*CO*tt 

2 ULLOII)=CUEC*KAP«LCC»SÜ 
C INPul IS     Kft ANU DEC IN RAUIANSl MU.MUP IN RAO/CENT; PAR IN SECONUS 
L OF ARC» VH IN Kl/StC 
C utTERniNE OELLl^AllON RANbE 

L = t> 
IKUObSlUll) ) .bl .UrtAX)   L=l 

C   AUJubT   KA   ANU   ÜEL   FUR   t-TEKrtS 
bN = LSIMrt<l) ) 
LK = L>C0S(K<1) ) 
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LU = CCOS«LM 1) ) 
K U I =H < 1 > - < CH *UtLC (1) ♦SR*0fcLli (1) ) /CO 
u(1)=U <1)-t(Tt <1>*CD-SH*SU)»UELC <1»♦CR*SO*OELD 11) ) 
T=b.U-2»L 

C INITIALISE CUUNTER 
K = l 

C CALCULATE L)HA/UT.U2RA/0T**2.U3RA/0T**3.DDEC/UT.02DEC/0T**2«D30EC/UT**3 
J ,U*lij/Ul .u2i>'U/UT**2.UMUP/UT . AND U2MUP/0T**2 AT 1950.0 

4 SR = US1MK(K)) 
LR=l)COSIK(K) ) 
IU=OTAM(ÜIK)) 
J>tC2 = l.U0*TU»TU 
S2U=USIN(2.UU*U<KI) 
C2U=liC()S(2.0U*Q»K> ) 
KH=H(K)+N(K)*SK*TU 
PU=N(« )»CR 
UA(K)=pR*PlU(K» 
UUtK)=PU*l1UP(K) 
UPR=MP(rt )+NP(K)*SK»TL>*N(M*DA(K)*CR*TU*N<K)»0D<K)*SR«SEC2 
UKU=NH(K)*CH-N(K)«DA(K)*SR 
U2A<K>=S.0-1»(HP<K)+NP<K>*SR»T0*N(K)*<DA<K»*MU<K))*CR*tU+N<K>»(DU( 
*K)*MUH(K))»SR*StC2 + 2.U0*hU<Kl*MuPlK)*TO-2.UO«MU«M*CO^PAH*VR> 
U2UtK)=:).U-l«(NP(K>«CR-NlK>*(DA(K)+MU(K))*SR-b.U-l*HU<K)«MU«K)»S2Ü 

♦ -2.UU»I*UP(K)»CUN*PAR*VK) 
Ui1U(K»=N(K)*KO(K)»CR*Tü-«-N(K)*MUP(K)»SR*SEC2*2.U0»Hu(K)*MUP»K)*TD-2 
*.uü*mj(K)*cnrj«PAR»vK 
or,UH(K )=-N<-< )*MU(K)*SK-b.U-l*MU(K)*MU(K)*S2U-2.U0*MUP(K)»CON*PAR*V 

*K 
u3A = hHh>-t-l\iPP*SK*TU-fNP<K>«UA<Kl«CR*TU + NP(K)*UU<M*SR*SEL2+Np<K>»(PK + 
*2.U0*MU«»M )*CK«lU*i\i(K>*(UPR*2.00*OMU(K) ) •CH»Tl)-N ( K ) * ( PR + 2 . U0*MU ( K ) 
"o)»üA(K)»SR*Tb + N(K)*<PR + 2.00*nu(K) ) *OD IK ) ♦CR*SEC2*- 2 .Ü0*ÜMU ( K ) »HUP«K 
n. I *TL + 2.Uü«Mi'(K)»t)nUP(K )*IU*2.U0*MU(K )»HUP(K)*ÜÜIK)*SEC2 + NP(K )*(PU + 
r»2.U0»MUP<K) ( »ÜK »StC^+N ( K ) * ( UPU + 2 . U0»UMUP t K ) ) *SR»SEC2*M K ) » ( PU + 2 . UU 
**MUP(K))*Urt(K)»LK»SLC2+2.ü0*N(K)*(PO+2.UO*MUP(K))»SK*T0*SEC2*UU(K) 
u3U = NPP*CK-NPlK>»UAU)*SK-NP<K)«tPR*2.00*OHU(K) ) »SR-NIK ) »(DPK + 2.Ü0 

♦ *Uni)(i\) )»SR-NlK)«tPR+2.uU*MUlK) )*0A(K)»CR-MU<K)*DHUlK>»S2U-MU<K)»r'. 
*UtK)»UU(M»C2U 
U2riU=i'iU«K)»i>jP<KI»LR*TÜ+rtUP(K>*NP(K>»SK»SEC2*N(K>*<nu<M*UÜ(K)+f1UPl 

*K >»ÜA<K ) ) *C-l*5LCi? + l><(K >»12.D0*MUP(K)*UU(K ) »SLC2-MU ( K ) «DA ( M »*SH*TU- 
v«2.UU»SU»SU»,<';U(KI«*3*N(K)*N<K>»f1U<K>*«CR»CK*T0»T0-SR*SR»StC2)+N«K>» 
QtN«K)»fHjPtK)»SR*LR«Tü«SEC2+H.U0*N(K)»MU(K»*MUP(K)*CK*Tü*TU+N<K»*(2. 
HUU»MUP<K)*rtuFlM*i>tC2-3.U0*niMK»'*MU(K) ) »SR»TU*H. U0»HU ( K ) *MUP ( K ) »UU 
SPIK>»ro*lU+2.UU*MU(K)«nuP<K)*DO(K)»SEC2 

U2MUP = -MU«K)*NP(K)»:sR-N<K)»l1U(K)»0A(K»»CR-N(K)»NIK)*MUP«M»SR*SR»S 
*tC2-MiO*NlK >»hU(K)»SK*CK*TU-2.UO»N(K)*MU<K>*HU<K)»CR*SU*SU-4.U0»N 
U(KI*f«utM»flüHK)«SR*Tü-riU(K)*hU(K)«(DU(K>*2.U0*(MUP(h)-PU)»SU*SO) 

C   obTAlN   tSU«AlLS   HJK   NA.UtC.nU.MUP   AT   1950.0*T 
b   NA = MK)-H«(UA(K)*I»(U2A(K)*T*D3A/6.D0> > 

UtL = l)lK>M»(UU(K)*T»(020tK) + T*iJ3U/fe.UU> ) 
"iuA = hU(i\ ) + 1 » (UrtlMK )+5.U-l*T*U2MU) 
rtuu=nup (* ) ♦ I * ( OflUH < K ) ♦5.U-1« T »Ü2MUP ) 
5>K = DS1N(KA) 
LR=UCOS(RA) 
IU = OTAro(L)LC> 
StC2=l.U0+TU*TU 
S.2U = USIN(2.U0*UEC> 

C    IF    T   =U.2o   UUNE 
IF(L.tj.b) GO TU 14 

L   T = 0.us: USINfc, 19btJ.U, 1960.0. LTC. ESTIMATES FOR RAtUEC.MU. ANU flUP RE- 

11 



C CALCULATE 02RA/UT*»2.U20EC/0T**2t0nuVDT. AND DMUP/OT 
PR=M(K-*1)*N(.K*1>*SR*TD 
HU=N(K+1)«CR 
E2A = b.D-l*(MPU*l)*NP<K*l)*SK*Tn* N(K*l)*(PR*2.U0«MUA)*CK*TO*N(K + l 
*)»<PU-i2.U0»1-,ut))*SK*SEC2 + 2.U0*MUA«MUD*TD-2.U0*MUA»CON»PAR»VK) 
L2U=5.D-1*«NP«K + 1)*CR- NlK-HI*(PR*2.DO«mjA)*SR-5.0-l*MUA»f1UA*S20-2 
*.DÜ»MUÜ»COU*PAR»VH) 

UMUA = N(K + l)*r1UA*CK*TÜ*N(K*l>*MuD*SR*SEC2*2.00*HUA*flUO*TU-2.DO*MUÜ* 
*LÜN»PAR*VK 
U«uU=-N<K+l )»HUA*SR-5.U-l*MUA»MUA*S2D-2.U0*f1UO*C0N*PAR»VK 

C   GET   1955.0,19b0.0.   ETC.   HA.OEC.NU.   AND   HUP 
H(K*l)=R(K)-fT*(UA(K|*T*(U2A«K).|.TWT*T*CE2A-D2A<K» ) > ) 
UtK+l>=ü<KH-T*(U0(K)+T*(U2D(K)*TWT*T*(E2D-D2U<K>)> > 
rtU(K + l )=MU(K)*T*U)MU<K)-4-l.Ul*T*(DMUA-UHU<K) ) ) 
f1UP(K*l>=nUP(K>*T*(01UP(K)+l.Ul*T«(DHUO-0«UP(K))) 

C   I<\iLrtEP.ENT   COUNTER 
K=K + 1 

C   ÜÜNE? 
fe IF(K.Eu.bl bO TU 7 

C NUT UUNE. HtPEAT UPUATE CYCLE 
bU TO 4 

C PKECESSIUH ANU PRUPEK MOTION UPDATE IS NOW UONE« UNUO E-TERhü 
7 5>K = l)bii\(H tfe) ) 

LK=DCuS*R«b)) 
äü=Li!>iN(U(b) ) 
LU=UCOS<lHb> ) 
K(b)=N (b) + <CR*UtLC(2>+SR*DELU<,J))/C0 
ü(6)=u(b) + l(TE<2>*Cu-SR*SU>*UELC<2)*CR»S0*UELU(2) ) 

C CALCULATE 02*A/!)T*»2t02UEC/0T**2»DHU/OT. ANO DMUP/DT AT 1975.ü FUR USE 
C IN YEAKLT UPUATE PROGKArt (TOYR) 

^rt = USI\,(K(M ) 
LK=DCOS«K<K)) 
IU = UTAij(u(K) ) 
ÜLC2=1,UU+TJ»TU 
S2U=OSIN(2.UO«U(K> ) 
PK = M(K ) +MK)»S>K*TU 
PU=N(K |*CH 
UA(K)=PR*ttu(KJ 
UU(K)=PU*HUP(K) 
U2AOO=S.U-l*inP<K)*NP<K>»SR*T0+N<K)*«0A<K)*f1U(KI ) *CR»TD*N(K )* CQUC 
*r\)*MUP(KI>*SR*SEC2+2.00*nu(K)*MuP(K)*TO-2.UO*nu(K)*CON*PAR*VR> 
U2U1K )=5.U-1*CNP(K)*CR-NiK>«tDA(K)+MU«K)>*SR-5.U-l*Hu<K>*HUCK>»S2D 
*-Ü.UU»HUP(K)*CUN»PAR*VR » 
UhU(K)=N(K)»MU(K)»CK*TU+N(K)»HUP(K)*SK»SEC2+2.00»nU(K)*f1UP(K)»TD-2 
*.UU»MU(K)»CUN»PAK»VH 
UfiUPIK)=-N(K>**U<K)*SR-5.U-l*MU(K)»MU<K>*S2U-2.U0*HUP(K>*CON»PAR»V 

*K 
C CHECK FUh OWEH THE PULES OR ARUUNU THE VERNAL EQUINOX 

IFIUAb)S(Ulb) I.LT.P12) bO TO 11 
K(6)=K(6)+P1 
lFlUlb)) Ö.H.y 

Ö Utb)=-U(b)-Pl 
bO TO 10 

9 UI6)=PI-U(b) 

10 IMK(b) .bE.TPl ) R(6)=R(6)-TP1 
IF(H(b).LT.O.UO) Klb)=K(b)+TPI 

L 'JUTPUI 
11 KA=R(fc)/PIli> 

HR = HA 
KA=b.Ul*tMA-HK) 

L2 



«1NT=RA 
KA=fc.Ul*(KA-MlNI» 
ULC=UABS(U<6)»/PI180 
UttirUtC 
ÜtC = fe.Ül»(UEC-Ut-G) 
MlNAsUtC 
ÜLCr6.in»(UEC-MlNA) 
nuA=WU(b)/CRA 
MUO=nup(b)/CUEC 
1S = 1P 
IKLtbl.LT.O.UUI    IS=Irt 
WHITE(3*12) HK.niNTiHA.MUA.IS.OEGiMINAtOECtMUU 

12 KORf.AT|lX.2I3tFÖ.J,2X»F8.3»5X,Al,I2tl3.F7.2.2X.F7.2) 
i»Ü TO 15 

C   uMrjb   197b.Ü   ESTIMAIES  FOR   RAtQECtHu.   ANO   MUP   RECALCULATE   U2RA/01»*2« 
C   f.ifUtC/UT**i»tUftU/OTi    ANÜ   UMUP/OT 

It»   K = a 
PR=IMK-fl)*N<n*l)»SR»TU 
PU=(M(K + 1 )*CR 
t2A = b.O-l*<.,tp(K*l>**P<K-Hl*SK*T(J-»   MK + 1J*CPR+2.U0*HUA|*CK«TD*MK+-1 

* )* (PÜ*«>.UÜ«i«luU)»SH*SEC2-f2.UU«MUA*MUÜ*TÜ-2.Dü*hUA»C0r»*PAK*VR ) 
L2ü=b.ü-l*(uP«K*ll»CR-   N«K+1»»(PR+2.DÜ«MUA)*SR-O.Ü-l*hUA»MUA«S2D-2 

*.ÜÜ»»"UÜ*LÜM*PAK»VH ) 
UMUA = MK*1 )*NUA*CK*TU + N(K*l)*MUü*SK*StC2*2tD0*f1OA*MUD»TU-2.UÜ»hUü* 

»CON*PAR«VH 
UMUU=-W(K+l)»MUA*SH-S.O-l*MUA*riuA*S2D-2.Q0*MUU*CON*PAR*VK 

C   (»ET   197b.Ü   Rtt.UECtMU.   A.gu   MUP 
K(fa)=hi(l)+1»(üAil) + I*lu?All)+FT*T*(L2A-U2A(l) ) ) ) 
U<b)=U(l)+T*(UD(l>+T»(02U(l)*FT*T*(E2U-02U»l)))) 
nutb)=MU«l)*T»«ÜhUll)+2.UU*T»(OMUA-0f1U(l> ») 
fiuP<b)=rtuP<l )+l»<urnjP(l)+2.Uü*T*<DMUU-UMUP(l) ) ) 

C   StT   CUUMtrt    TU   ENU 
(\ = b 
uU   TU   b 

13 CONTINUE 
C   TÜYH SttTION 
L   MtWL   UPlATtS   197b.Ü    Tu   1977.0 

I=*!.U-2 
UA7b=UACb> 
u2A7b = l}2Albl 
UU7b=UÜ<b> 
U2U7b=d2U(b) 
Uiu7b=ühülb) 
UrtUP7b=UfiUPtb> 
L = b-L 
UüAbU = li2A(L) 
U2U50=D2D(LI 
UMUbÜ = l;MU(L) 
UMuPbü = U«iUP(L » 
CALL T0YK(K(b)«ülbl,iHJ(b)tMUP<6>•RAiDEC«MUAiMUütL) 

C OUTPUT 
ALP = RA/Plli: 
MK=ALP 
ALP=b.ul*<ALP-HR) 
MXNT=ALP 
ALP = b.Ul«tALP-fHlMl ) 
UtL=UAbS(UtC)/PlloO 
Utt> = Ut|_ 
UEL=b.ül*(UEL-UtGI 
rtlNA=OEL 

n 



ütL=b.Dl*'(ÜEL-f1lNA) 
nuA=nuA/CKA 
nUUsMUO/CULC 
XS = IP 
IFlUtC.LT.O.ÜÜ) IS=IM 

WHITt(4tlü) HR.MINTtALPtMUA.iS.DEGtMINAiOEL.hUÜ 
16 CONTINUt- 

CALL Lxir 
tlMÜ 

14 



SUb^OUTlMt    ruYH(ALH.ULL.MUA.nuUtHA.DEC.MU«MUPtL) 
IMPLICIT   UÜUbLt   PKLCISION    (A-HtM-*) 
Lü.imw   /UEHlV/UA7btU2A50tU2A7btOD75tO2Ü50tU2u75tOrlu;>0.OMU75. 

»   UfiuPbO«UrtUP7b 
COnfiON/UAT/Plü.KI.TPI.T.FI.TwT 

C   INPUT   ib   ALP.UtL   IN   KAO;   HUA.HUU   IN   RAO/CLNTI   T   IN   CENT 
C   CUPUl    IS   HAtOECtMJ.nUH   IN   SAME   UNITS 
l   I    IS   MiGh   UtCHMATlON   FLAG 

IF CL.tij.b)   («b   TU   1 
MA=ALP+T*<UA7b*T»<U2A7b>FT*T*<D2A7b-D2A50) ) ) 
UtC = Uti_«-l*<l>u7b+T*<u2u75*FT*T*<D2O75-U2D50)> > 
liU=hUA + T*(Ui«Hjfb+2t»T*<UMU75-UMU5UI ) 
noPrnU[]-H»(Of»UH75*2.*T»jU(l1UP7b-0«UP50> > 
bU   TU   2 

1   MA=ALP*l*<UA7S-H»<D2A75+lwT»l*(D2A75-O2A50»>» 
UtC = UL|_ + T*(t)Li^b + T*(Ü2U75 + TWT»T»<U2D75-U2D!)0» J J 
HU=l*UA-H*(O<-'u7b+lU.*T*(Ol"|U75-DMU50) ) 
nuP = HU.) + T*(!.iMUP7b-flU.*T*(UhUH75-DMUP50) ) 

C   Cf<t"C*   K'R   OVLH   THL   POLLS   OK   AROUND   THE   VERNAL   EBUINOX 
?   lKuAtiS«ULC).LT.PI2j   l»0   TO   3 

KA=HA*Pl 
Xt-(ULC)    iti.U 

3   UtC=-UtC-PI 
UU TU 5 

•4 ULt = PI-ULC 
S IKKA.i.t.THll RA=KA-TP1 

IF»hA.LT.U.OOl KA=RA*THI 
KLTUHw 
LNU 
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